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PCNA 和 E3s 在 S 期表达量最高；DIP13 的表达量在 M 期达最大值。在 G1 中期
（Gm），CDK2、FtsH 和 DIP13 的表达量最低，而 Skp1 和 MAPK 的表达量最高；
在 G1 前期（Ga）和后期（Gp）这些蛋白质的表达量差异不大。CDK2 作为参与
细胞周期调控的重要内源性分子首次在甲藻细胞中被鉴定到。 
（4）Gm 是现场海区光照强度和海水温度最高的一个时期。相比于其它四



























Prorocentrum donghaiense is a key dinoflagellate species causing harmful algal 
blooms in the coastal waters of China, which results in severe threatens to marine 
ecosystems, marine biological resources, aquaculture industries and public health. 
Although much effort has been devoted to the oceanographic and ecological 
mechanisms of bloom formation of P. donghaiense, little is known about the 
molecular mechanisms involved in cell growth regulation of P. donghaiense during 
the period of bloom formation. 
This study focused on the cell cycle of in situ blooming cells of P. donghaiense, 
compared protein expression profiles of cells collected at different cell cycle phases 
using the combination of iTRAQ-based proteomic approach and corresponding 
transcriptome databases, identified and confirmed the differentially expressed proteins, 
analyzed the expression variations of cell cycle related proteins and the biological 
processes they participated in, and discussed the mechanisms involved in cell cycle 
regulation and bloom formation of P. donghaiense. The major results were shown as 
follows: 
(1) Almost all blooming cells were P. donghaiense cells based on the results of 
light microscope and phytoplankton pigment analysis. The cell cycle phase 
distributions were the same between in situ blooming P. donghaiense cells and 
laboratory culture cells: both of them completed a whole cell cycle within 24 hours 
and possessed an identical duration time for each phase, indicating that the outbreak 
of algal blooms was not caused by the abnormal proliferation of cells within a short 
time, but might be resulted from accumulation and aggregation of cells. In addition, 
variations of cell density, pigment content and nutrient concentration within a cell 
cycle might be related to the biological processes occurred in each cell cycle phase. 
(2) A total of 6,118 high-confidence proteins were identified and 2,595 obtained 















carbohydrate metabolism, amino acid metabolism, translation, folding, sorting and 
degradation and energy metabolism. Comparative proteomic analysis of cells from 
different cell cycle phases revealed that carbohydrate metabolism, energy metabolism 
and amino acid metabolism were more active in G1 phase; while the most 
representive processes were DNA replication and repair, protein biosynthesis and 
ubiquitin-mediated protein degradation in S phase and G2/M phase. The orderly 
expressions of proteins involved in these biological processes might guarantee cell 
proliferation and various metabolic activities of P. donghaiense cells during the 
blooming period. 
 (3) Eight cell cycle related proteins were successfully identified and their 
expression altered in different cell cycle phases: CDK2, CDC48, CDC37, PCNA and 
E3s were most abundant in S pahse; the highest expression levels of Skp1 and MAPK, 
and DIP13 were observed in middle G1 (Gm) phase and M phase, respectively; 
CDK2, FtsH and DIP13 showed a lowest expression level in Gm phase. As an 
important endogenesis protein related to cell cycle regulation, CDK2 was identified in 
dinoflagellates for the first time. 
(4) Compared to other four cell cycle phases, 52 proteins were up-regulated and 
128 were down-regulated in Gm phase, these proteins were mainly related to 
replication, transcription, translation, protein modification and degradation, energy 
metabolism, carbohydrate metabolism and amino acid metabolism. Moreover, major 
biological processes occurred in the in situ blooming cells presented some differences 
compared to the laboratory culture cells: ABC transport, ROS removal and defense, 
and light harvesting were enhanced, while protein metabolism, fatty acid biosynthesis, 
pyruvate metabolism, purine nucleotide metabolism and signal transduction were 
depressed. The differential expression levels of these processes suggested an adaptive 
mechanism of P. donghaiense cells to complex environment. 
 
Key words: Marine dinoflagellates; harmful algal blooms; Prorocentrum donghaiense; 

















缩写 英文名称 中文名称 
2D-DIGE Two-dimensional difference gel electrophoresis 荧光差异凝胶双向电泳 
2-DE Two dimensional electrophoresis 双向电泳 
ACN Acetonitrile 乙腈 
ACP Acyl carrier protein 酰基载体蛋白 
ATP Adenosine triphosphate 三磷酸腺苷 
BLAST Basic local alignment search tool 基于局部比对算法的搜索工具 
BSA Bovine serum albumins 牛血清蛋白 






CoA Coenzyme A 辅酶 A 
COG Clusters of Orthologous Groups of proteins 蛋白质直系同源数据库 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
RNA Ribonucleic acid 核糖核酸 
DTT Dithiothreitol 二硫苏糖醇 
GO Gene Ontology 基因本体注释 
HPLC High performance liquid chromatography 高效液相色谱 
IAM Iodoacetamide 碘乙酰胺 
iTRAQ 
isobaric Tags for Relative and Absolute 
Quantitation 
同位素标记相对和绝对定量 
KEGG Kyoto Encyclopedia of Genes and Genomes 京都基因与基因组百科全书 
CDK Cyclin-dependent kinase 细胞周期蛋白依赖性激酶 
CKI Cyclin-dependent kinase inhibitor 周期蛋白依赖性激酶抑制因子 
MAPK Mitogen activated protein kinase 有丝分裂原激活蛋白激酶 
Weel Wee1-like protein kinase 丝氨酸/苏氨酸蛋白激酶家族 
PCNA Proliferating cell nuclear antigen 增殖细胞核抗原蛋白 
NCBI National Center for Biotechnology Information 国家生物技术信息中心（美国） 
PBS Phosphate buffered saline 磷酸盐缓冲液 
SAM S-adenosylmethionine 活性腺苷甲硫胺酸 
SCX Strong cation exchange 强阳离子交换 
HABs Harmful Algal Blooms 有害藻华 
TCA Tricarboxylic acid 三羧酸 
TEAB Tetraethyl-ammonium bromide 溴化四乙铵 
Tris Hydroxymethyl aminomethane 三羟甲基氨基甲烷 
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